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INTRODUCTION

Melaleuca (other common names: paperbark tree, cajeput tree) is an invasive weed tree in the Everglades and surrounding areas in South Florida (4, 5). It is a prolific seed producer
The objectives of this research were to evaluate the effects of drought, low temperature, and defoliation treatments on the occurrence and severity of canker disease caused by B. ribis on melaleuca.
MATERIALS AND METHODS
Isolate acquisition. During 1989-90, six isolates of B. ribis (BR-I through BR-6) were obtained from declining melaleuca trees on the Acme-2 management unit of the Loxahatchee National Wildlife Refuge in Palm Beach County, Florida. These isolates were single-spored (macroconidia) and were tested for pathogenicity on clones of melaleuca; isolates BR-2 and BR-5 were found to be the most and least virulent, respectively (18). These two isolates were used in this research. Tree clone production. Stem cuttings were obtained from two randomly selected melaleuca trees located at least 50 m apart in the Acme-2 management unit. The cuttings were rooted by placing them in water in buckets and then transferred to 5-gal plastic containers containing a mixture of peatmoss and sand (1:1). These clones were designated as MQ-1 and MQ-2. Cuttings from these ramets were rooted to produce additional ramets which were transferred to 1-gallon plastic containers containing peatmoss and sand (1:1). These additional ramets grew for 18 mo and were used in inoculation experiments. Ramets in each treatment were exposed to their respective watering regime one time prior to inoculation. After inoculating, the appropriate watering regime was followed throughout the 8-wk experimental period. Xylem water potential of one twig from approximate mid-height of the saplings for each of three plants per treatment was measured using a pressure bomb8 at 7:30 to 8:30 AM before and 24 h after watering to field capacity. During measurement of xylem water potential, the ambient temperature in the greenhouse was ca 25 C. Ramets were evaluated every week for permanent wilting symptoms (not reviving within 24 h after watering to field capacity). The number of wilted ramets were counted, harvested, and the canker length was measured after splitting stems longitudinally through the point of inoculation. After 8 wk, the remaining ramets were harvested, the stems split through the point of inoculation, and the proximal and distal canker lengths were measured. Low temperature treatments. The effect of low temperature treatments on disease development was determined by subjecting clone MQ-2 to four treatments for 8 wk: exposed to 30 (?) C continuously (Trt. 1), 6 C for 3 continuous d wkl-(Trt.2), 6 C for 6 continuous d wk-' (Trt.3), and 0 (?1) C for 16 h wk-1 (Trt.4). Each treatment for isolates BR-2 and BR-5 was composed of five ramets. Ramets in each treatment were exposed once to their respective low temperature treatments prior to inoculation with B. ribis. After inoculations, treatments 2, 3, and 4 (assigned to low temperature treatments) were maintained together on the greenhouse bench at 30 (?5) C for the remainder of a week. When the ramets were on the greenhouse bench, they were watered daily to field capacity and evaluated for wilt symptoms. Methods for canker measurement were the same as in the "Simulated drought treatments" experiment. Defoliation treatments. Effects of defoliation treatments on canker development were determined using tree clone MQ-2 and isolates BR-2 and BR-5 of B. ribis. Treatments were 0 (Trt. 1), 50 (Trt.2), and 100 (Trt.3) percent defoliation of the total leaf area. Each treatment for each isolate was represented by five ramets. Additionally, five check plants per isolate were maintained for comparison with Trt.3. These five check plants were completely defoliated and wounded by drilling a 1.5-mm diam and 2-mm deep drill-hole beneath the bark surface but they were not inoculated with the fungus.
Inocula
Ramets in treatments 2 and 3 were defoliated by removing the appropriate proportion of the area of new leaves every week for 2 wk. After 2 wk, ramets were inoculated at the mid-height of the main stem using the same inocula and inoculation techniques described for "Simulated drought treatments" experiment. The ramets in each treatment were maintained separately on a greenhouse bench at 30 (?5) C and daily watering schedule. Thereafter, the level of defoliation among treatments was maintained by removing an appropriate area of new leaves every week for 4 wk. Ramets in all three treatments were harvested 4 wk after inoculation because the majority of ramets in treatment 3 were dead. Canker lengths were measured in treatments 1 and 2. However, only percentage mortality was recorded for the checks and the fungus-inoculated ramets in treatment 3. Canker length could not be recorded due to advanced tissue deterioration. These differences in xylem water potential were related to canker length. Isolate and simulated drought treatment affected canker length, but the two main effects did not interact (Table 1) . In drought-stressed trees, isolate BR-2 appeared more aggressive than isolate BR-5 ( Table 2) . Canker length increased significantly among treatments when xylem water potential reached a maximum of -1.5 MPa before or -0.6 MPa after watering (Figures 1 and 2) . Similarly, an increase of canker dimensions with increased moisture stress (23) aSignificance was determined at P = 0.05, and n = 5. Under "Defoliation," only treatments 1, (0% defoliation) and treatment 2 (50% defoliation) were used in this analysis. In our study, plants were exposed to above freezing temperatures (6 C) for different periods of time, or to 0 C for 16-h, after which they were incubated at 30 (?5) C. These treatments were selected to reflect temperature regimes that may be encountered in field conditions. Isolates and low temperature treatments affected canker length, but the interaction between isolates and low temperature treatments was not significant (Table 1) . Overall, isolate BR-2 induced more tissue necrosis than did isolate BR-5 ( Table 2) . Canker development was greater among stressed ramets in treatment 2 (exposed 3 d wk-t to 6 C) than in nonstressed ramets in treatment 1 (Figure 4) . Stressed ramets in treatments 3 and 4 developed smaller cankers than the stressed ramets in treatment 2. Also, sapwood discoloration was extensive in treatment 2. Wound-callus was rudimentary among most stressed ramets of treatments 2, 3, and 4 (as shown in Figure 3C ) compared to the nonstressed ramets in treatment 1 (as shown in Figure 3B In our study, the magnitude of canker development at 0 and 50% defoliation was not different ( Figure 5 ). In these two defoliation treatments, no ramet mortality occurred during the 4-wk experimental period. Ramets not defoliated (0%) or defoliated 50% developed a substantial callus around the inoculated wound. In contrast, inoculated ramets that were totally defoliated did not produce callus but developed blackened necrotic phloem, similar to those depicted in Figure 3D . Mortality among ramets with total defoliation in an actively growing period (June/July) was 90% within 4 wk after inoculation in contrast to 14% among check plants that were 100% defoliated but were not inoculated with fungus ( Figure 6 ). Luttrell (13) reported 80% mortality of 3-moold American elm (Ulmus americana L.) seedlings within 6 mo after inoculation with B. ribis following complete defoliation. The necrotic tissues around the point of inoculations in our study were similar to those described for blackstem diseases caused by C. chrysosperma on cottonwood (P deltoides Marsh.) (21) . Our findings on host-pathogen relationship between stressed melaleuca trees and B. ribis confirm the reports of other researchers regarding increased canker disease and tree mortality due to 1) an increased moisture stress (3, 7, 27), 2) exposure to low temperature below certain threshold (22, 23, 27), and 3) defoliation (13, 16) on other fungal pathogen and host relationships. We therefore concluded that additional reptitions of experiments were not needed.
We conclude that stress factors such as drought, low temperature, and defoliation, reduce the ability of melaleuca to respond to invasion by B. ribis. These results justify further research to test the hypothesis that the ability of this fungus to kill melaleuca trees may be enhanced when inoculation is combined with natural or artificial stresses such as defoliation induced by herbivorous insects or environmentally safe chemicals.
